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Abstract 
In the latest period of time the lack of resources made us to be more carefully in spending them. In this context along time 
were developed different types of methods which permits to evaluate with maximum efficiency the resources needed in 
different types of products design jobs. Some of these methods in the present time are numerical simulations which are a 
good choice as an instrument for the resources consumption estimation. These types of methods are encouraged in 
ammunitions design too. As an example we can observe that some military standards encourage the use of numerical 
simulation in first steps of a product design or on his life cycle, before experimental testing, but not exclude experimental 
testing. To complete this approach the present paper comes with some models for the efficiency estimation taking into 
account the necessary resources for ammunition experimental testing, in general and ammunition consumption in 
experimental tests in particular. These models are based on statistical estimations and general probability theory, 
ammunition ballistic design theory with punctual estimation and reliable intervals for true value of a parameter in an 
imposed level of trust condition. 
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1. Introduction 
Testing and evaluation of products assumes in many cases a high consumption of resources and as a 
consequence high costs. For this reason in first stages of development of a product engineers are encouraged to 
make use of different types of design software to create product’s 3D shape or prototype. After this stage of 3D 
design follow a stage of made product testing. This stage is has the purpose to check the functionality of the 
product by measuring some of his functional parameters. The testing stage for establishing the product’s 
functional parameters assumes time consuming and material resources too. In this purpose has appeared the 
necessity for some instruments or methodologies to determine the quantity of resources needed by the 
product’s evaluation and testing process. In the same time must to be taken into account the fact that in the 
product’s developing the costs with testing and evaluation of product means an important percent from the final 
product’s price and is naturally to analyze the efficiency of product’s design or assimilation. In some cases the 
experimental test can be realized for reevaluation of a product’s functional parameters during his lifetime or for 
product reutilization in other purposes that the one for it was designed initially. 
Such types of studies are presented in ammunitions design too. The ammunitions in their design process 
require two important stages: interior ballistic design and exterior ballistic design. In both stages after the 
theoretical design are needed experimental tests to evaluate in real conditions the functional parameters 
estimated. Essential functional parameters estimated in experimental testing of ammunition are in general: 
projectile mass, initial velocity, maximum pressure, drag coefficient. 
In this paper the study is focused on the first stage of ammunition design, interior ballistic. In this stage of 
design projectile mass, initial velocity and maximum pressure in barrel are considered essential parameters. To 
estimate the true value of these parameters is presented a theoretical calculus methodology for experimental 
data and ammunition needs evaluation during the experimental tests. This methodology is made using an 
imposed precision for parameters or level of trust. Also in the hypothesis of a possible profit is estimated the 
efficiency of testing process caused by the tolerances imposed by the projectile’s mass parameter. 
 
 
Fig. 1. Diagram of projectile’s mass, initial velocity and maximum pressure in barrel evaluation using the efficiency criterion as tolerance 
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Numerical method presented in this paper had six stages as follows: 
• Establish/ collect the set of data for projectile’s mass taking into account the tolerances imposed and the 
nominal value for it; 
• Calculus of initial velocity and maxim pressure in barrel parameters using an in house designed software 
based on Drozdov’s interior ballistic method; 
• Normality distribution evaluation for each data set obtained; 
• Punctual estimation and trust intervals estimation of projectile’s mass, initial velocity and maxim pressure in 
barrel; 
• Determining the required number of measurements for an error imposed; 
• Evaluating the efficiency in assumption of changing the ammunition initial destination of use. 
In this paper presented results are theoretical and has the purpose to show how can be applied this method 
for experimental data or combined data experimental and numerical ones. 
2. Mathematical models used 
The numerical model has six stages in which are used knowledge from interior ballistic and probability 
theory. The mathematical model for interior ballistic used is based on Drozdov’s method, and is based on the 
following system of equations: 
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where v is the projectile velocity in barrel, p is the pressure in the barrel, l  is the projectile’s travel in barrel, 
t  is time, ϕ  is a coefficient for projectile’s mass, q  is projectile’s weight, u  is powder’s burn velocity and 
e is powder element thickness. This system of differential equations is used to evaluate the initial velocity and 
maximum pressure in the barrel on different changes of projectile’s mass taking into account tolerances 
imposed for projectile’s mass. 
True value estimation for each parameter was made using the following: 
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where: iy  is a value from data set, Ay is the mean of data set, Ay is the true value, σ  is the empirical 
standard deviation or variance, σ  is standard deviation, ( )*,t P k  is a factor calculated using Student 
repartition, 1= −k n , n  is the number of values from data set. 
Normal distribution of date sets was evaluated using a Kolmogorov – Smirnov test (specific for small 
population of data) and graphical representation. 
3. Numerical results 
Initial data used in interior ballistic calculus are presented in Table 1. For projectile’s mass were used fifteen 
values which includes the nominal value of 380 grams with values for upper tolerance of +2.1 grams and for 
lower tolerance -2.1 grams. Based on projectile’s mass set of data were calculated the values for initial velocity 
and maximum pressure parameters data. Numerical results obtained are presented in Table 2. 
Table 1. Initial data for interior ballistic calculation 
Parameter Value 
Caliber [mm] 30 
q [g] 380 
e [mm] 0.276e-3 
u [m/s] 0.79e-9 
Table 2. Numerical results for projectile mass, initial velocity and maximum pressure 
Meas. No. Projectile’s mass[grams] Initial velocity [m/s] Maximum pressure [MPa] 
1 377.90 877.02 2950.40 
2 378.20 876.64 2953.60 
3 378.50 876.25 2956.80 
4 378.80 875.86 2960.00 
5 379.10 875.48 2963.20 
6 379.40 875.09 2966.50 
7 379.70 874.71 2969.70 
8 380.00 874.32 2972.90 
9 380.30 873.94 2976.10 
10 380.60 873.56 2979.30 
11 380.90 873.17 2982.60 
12 381.20 872.90 2985.80 
13 381.50 872.41 2989.00 
14 381.80 872.03 2992.30 
15 382.10 871.65 2995.50 
Source: processing performed by the authors, based on initial data (Table 1.) 
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Fig. 2. (a) Histogram representation for projectile’s mass; (b) Histogram representation for initial velocity 
 
Fig. 3. Histogram representation for maximum pressure 
The represented results in histograms (Figure 2. and Figure 3.) indicate that the sets of data for projectile’s 
mass, initial velocity and maximum pressure are normal distributed. Also the results of Kolmogorov – Smirnov 
test from descriptive statistic indicates for a 99% level of confidence that the data sets are normally distributed, 
and have a symmetrical distribution according to Skewness parameter (Table 3.). In the same time, according 
to velocity and maximum pressure evaluation were calculated the true value and the reliable intervals. True 
values for the tree parameters, according to descriptive statistics data, are: projectile’s mass has a true value 
between 378.97 and 381.03, initial velocity true value is between 873.02 and 875.65, and maximum pressure 
true value is between 2961.84 and 2983.99. 
Table 3. Normality test results and descriptive statistics data 
Parameter Mean Lower value of 
reliable interval 
Upper value of 
reliable interval 
Standard 
deviation 
Variance Skewness Kolmogorov – 
Smirnov test 
results 
Projectile’s mass 380 378.97* 381.03* 1.34 1.8 0 0.08* 
Initial velocity 874.34 873.02* 875.65* 1.71 2.92 0.004 0.09* 
Maximum pressure 2972.91 2961.84* 2983.99* 14.41 207.69 0.003 0.08* 
*p = 99 %, Source: processing performed by the authors, based on numerical results (Table 2.) 
As we can observe from lower and upper values for reliable intervals we have an error ε  equal with 1.03 for 
projectile’s mass, 1.32 for initial velocity and 11.07 for maximum pressure. Based on error value we can 
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evaluate the number of necessary test. As an example we can use the projectile’s mass parameter. We choose 
an error of 0.5, for a confidence level of 99 %. In this case we can calculate the number of necessary test using: 
ε
=
σ
q   (6) 
where: ε =0.5 and σ = 1.34 (from Table 3.). Results q =0.3731, from statistical table results for a confidence 
level of 99 % that the number of necessary test is 46, that is almost tree time higher that the number of tests 
considered. In this case we can observe that the efficiency is reduced. For example we calculate the efficiency 
assumed that the benefits are calculated based on a lot of ammunition of 1000 pieces with a value of 200 per 
unit. If we calculate the efficiency for the two cases of error for projectile’s mass ε =0.5 and ε =1.03 we obtain 
a low efficiency for ε =0.5 (Table 4.). Using relation: 
expenses
efficiency =
benefits   (7) 
Table 4. Efficiency estimation 
Error No. of tests Efficiency 
0.5 46 0.046 
1.03 15 0.015 
4. Conclusions 
The studies made in this paper gives a clue of how can be used the probability theory to evaluate 
experimental or theoretical data from interior ballistic ammunition design and testing process. Also the study 
provides a methodology for efficiency evaluation using the number of necessary tests for testing and evaluation 
of ammunition. 
Testing and evaluation of ammunition is an important step in: 
• Ammunition acquisition process when the producer must prove by tests to potential buyer that the 
ammunition respects it’s specifications; 
• Ammunitions lifecycle experimental tests for parameters constancy; 
• Reuse or adapt for firing ammunition with other weapons than those for which they were initially designed. 
All these tree cases justify needs this type of methodology and calculus as the one developed in this paper to 
estimate more accurate the quantities of test and the efficiency of the process. 
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